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N85-32432 

PULSED EXCIMER LASER PROCESSING 
FOR COST-EFFECTIVE SOLAR CELLS 

ARCO SOLAR, INC. 

D. Wong 


CONTRACT TiTLE : ADAPT PULSED EXCIMER LASER PROCESSING 

For Cost Effective Solar Cells 


CONTRACT NO : 956831 


GOAL: To DEMONSTRATE THE COST EFFECTIVE FEASIBILITY OF FABRICATING 16X 
EFFICIENT SOLAR CELLS ON 125 MM DIAMETER CZ MAFER USIN6 PULSED 
EXCIMER LASER FOR JUNCTION FORMATION, SURFACE PASSIVATION, ANO 
FRONT METALLIZATION. 


Texturing 

0.4 J/CM2 (70S OVERLAP) SUFFICIENT TO MELT THE SURFACE. 

CELLS WERE SHUNTED. 650>C, 30 MIN. FURNACE ANNEAL I N6 MOST OFTEN 
IMPROVED THE Vqc. 

<\ > -6.5X BEFORE 650«C 

< 7|> “11% AFTER 650»C 

Excessive surface melting is believed to limit cell efficiency. 


PRECEDING PAGE BLANK NOT FILMED 
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PROCESS DEVELOPMENT 



CELL VOLTAGE 

RUN 5 •» ENERGY/- S.4J/CH2, OVERLAP MX 
SINTERED 


SINGLE/POLY 

LIGHT IV AT 2SC 
OPERATOR: DM 
cell:lsb. CONTROLS 1 
Dat«/tln«:09-JUL-04 10:93:07 

AREA: 4.00 (tq.cn) 


Ifc: S. 112 («npt> 
J#c: 2H.Q9 (na'sq) 
Uoc: 0.427 (volts) 

Ipn: 0.093 (anpt) 
Jpn: 23.24 (na/sq) 
Vpn: 0.303 (volts) 

Pn: 0.020 (watts) 

Cfti 99.21 X 
Iff: 7.09 X 



RUN 3 0> ENERGY -0.EJ/CM2I OVERLAP SOX 
ANNEALED THERMALLY 9 CM C 


NO SINTERED 


30 MIN. 


SINGLE/POLY 

LIGHT IU AT 23C 
operator: du 

CELL:L30 ANNEALED 3 
Data/tina:27-JUH-04 09:30:20 

AREA: 4.00 (sq.cn) 


Isc: 0.114 (anps) 
Jsc: 20.34 (na/sq) 
Uoc: 0.3C3 (volts) 

Ipn: 0.100 (anps) 
Jpn: 23.09 (na/sq) 
Vpn: 0.442 (volts) 

Pn: 0.044 (watts) 
Cff: C9.10 X 

Eft: it. 10 x 




TILT 3 6 J ✓ C M £ 70 ^OVERLAP 1 •. 

E P ANNEALED LOT 8 IF b n S E C 


ORIGINAL PAGE ' tS PROCESS DEVELOPMENT 

OF POOR QUALITY 

Threshold Energy Density for Textured 
Surface to Start Melting 





PROCESS DEVELOPMENT OfflGWAL PAGE ' iS 

OF POOR QUALITY 

Surface Melting on Textured Surface Due to 
Laser Annealing at Different Laser Energy 
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PROCESS DEVELOPMENT 


Comparison of Baseline Process With 
Proposed Excimer Laser Process 

Msaifc PROCESS 


TEXTURING 

I 

( STARTING I I I PHOSPHORUS I I SCREEN PRINT I 

I MATERIAL I Y I THERMAL I . I METALLIZATION! V 13 * 

I P TYPE CZl I DIFFUSION I I AND FIRING ! 1 

I 1 I I I I 

LASER PROCESS 


TEXTURIH6 

I 



» 1 

ION IMPLANT 



! STARTING 1 

1 1 

AND LASER ANNEAL 

i 

LASER ASSISTED 1 

1 MATERIAL 1 

1 

*> IDEAL JUNCTION 


SURFACE 1 ? 

1 1 

1 

EXCELLENT BLUE 

1 GAIN U 

1 PASSIVATION 1 GAIN fx 


1 

RESPONSE 

1 

1 . . 1 


I LASER WRITING I 
! FINE GRIDLINES! 

I *> INCREASE ! 

+ I ACTIVE AREA I ^ 'Tj "16X 

I REDUCE |2R I GAIN IX i 
I OROP ! 

I I 
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PROCESS DEVELOPMENT 


Experimental 


I P SUBSTRATE I 
I 0.3 - 0.7 OHM- CM I 
I I 



I 


I METALLIZATION I 82% activ , area 

j BY EVAPORATION | 


I 


I TEST I (JPL STANDARD) 
I I 


Polished Wafer (p-Type Cz) Ion Implant 31 p + 


(J/cm2) 

I Beam Size I 

1 (MM X MM) l 
l l 
l l 

Overlap 

(X) 

Pulse 1 

(NS) 1 

Implant 

(KeV) 

Dosage 

(1x1015) 

1 Rho 1 

1 (OHM/ SO) 1 
1 APPROX 1 

X 

X 

0.7 

1 1.1 x 0.8 1 
1 1 

40 

6 1 

10 

5 

1 31 1 

7.3 

0.7 

1 1.1 X 0.8 i 
1 1 

40 

6 1 

10 

1 

1 90 1 

4.2 

1.3 

10.95 x 0.951 
1 .1 

70 

25 1 

5 

2.5 

1 50 1 

7.1 

1.3 

10.75 X 0.6 1 
1 . 1 

20 

25 1 

5 

1 

1 70 1 

8.9 

1.3 

1 9.0 X 7.5 1 

1 ... 1 

20 

80 t 

5 

2.5 

1 50 1 

6.4 

1.45 

1 9.6 X 8.3 1 

l__ 1 

12 

90 1 

5 

1 

1 90 - 100 1 

9.3 

1.55 

1 8.9 X 7.5 1 
1 1 

12 

90 1 

5 

1 

1 90 - 100 1 

9.3 

2.0 

1 7.5 X 6.5 1 
1 1 

12 

90 1 

5 

1 

1 90 - 100 1 

9.4 
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PROCESS DEVELOPMENT 



i 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Laser energy density from i .45 J/cm2 to 2 J/cm2 yielded similar results in 

CELL EFFICIENCY FROM THE SAME IMPLANT. HOWEVER. SURFACE DAMA6E STARTED TO 
BE OBSERVEO AT 2 J/CM?. 


Laser Energy Density 


f 


Overlap, % 


Necessary for compensating beam nonuniformity, however, for highly 

NONUNIFORM BEAM, OVERLAP WOULD PROOUCE SEVERE SURFACE DAMAGES. 

More uniform laser with larger beam size reduces overlap requirement > 

HIGHER CELL EFFICIENCY. 


Kaleidoscope Beam Profile (MSNW Inc.) 



RCLATIVK 

intcnsitv 



M3 







n. 'kV»w/t. *s!W - 


PROCESS DEVELOPMENT 

Profile of Excimer Output Beam (MSNW Inc.) 




Ion Implant 

5 KEV 31p+ CHANNELED TO ABOUT 0.16 - 0.22/4LM WHICH REQUIRES LASER ENERQY 
AT LEAST 1.6 J/CM^ - 1.6 J/CM? TO REMOVE LATTICE DAMASES COMPLETELY. 


Indirect Proof 


CZ WAFER WITH THERMAL N* DEPOSITION (830*C 10 MIN) FOLLOWED BY LASER 
ASSISTED DIFFUSION AT 1.25 J/Cm2 (12X O.L.) YIELDED ALMOST IDENTICAL IN 
ELECTRICAL PERFORMANCE AS THE THERMALLY DIFFUSEO CELL (*10X). 
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PROCESS DEVELOPMENT 


Summary on Junction Formation 

ideal JiM-TioN Requires 

(i) Shallow ioh implant to minimize laser energy densiiy for complete 

LATTICE DAMA6E REMOVAL. 

(II) UNIFORM LASER BEAM THAT REQUIRES LESS THAN 5 X OVERLAP. 


Plans for Next Quarter 


(I) Improve laser uniformity 

(II) investigate the capability of 1 KeV ion implantation by glow 
discharge technique. 

(Ill) Complete gas cell system and initiate experiment on laser assisted 

SURFACE PASSIVATION AND GRIDLINE WRITIN6. 
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